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Scanning exposure apparatus and device for manufacturing method using the same 



(54) 

(57) A scanning exposure apparatus wherein a 
mask stage (3) and a substrate stage (5) are moved in 
a timed relation and at a predetermined speed ratio 
whereby a projected image of a mask pattern is scan- 
ning^ transferred onto a photosensitive substrate, 



AX 



wherein, for higher throughput and higher efficiency pat- 
tern transfer, the scanning exposure is performed in ac- 
cordance with a shot layout of the photosensitive sub- 
strate as determined per chip on the basis of information 
such as a chip structure or a chip size of the pattern. 
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Description 

This invention relates to a scanning exposure ap- 
paratus and a device manufacturing method using the 
same. More particularly, the invention is concerned with 
a scanning exposure apparatus for use in manufacture 
of devices such as semiconductor devices or liquid crys- 
tal panels, for example, for scanningly projecting a pat- 
tern of a mask onto a photosensitive substrate by expo- 
sure and, in another aspect, it is concerned with a device 
manufacturing method using such exposure apparatus. 

Photolithographic processes for manufacture of de- 
vices such as semiconductor devices (chips) or liquid 
crystal panels, for example, using a fine pattern, is per- 
formed generally by using a sequential motion type ex- 
posure apparatus (called a "stepper") for transferring, 
by exposure, a pattern of a mask (called a "reticle) onto, 
a photosensitive layer (e.g., photoresist) applied to a 
semiconductor substrate (e.g., wafer) or a glass sub- 
strate. 

In order to meet recent needs of increased density 
of device such as a DRAM, for example, or higher yield 
of devices, being required by semiconductor device 
manufacturers, stepper manufacturers haye made ef- 
forts to develop projection optical systems enabling fur- 
ther miniaturization of printed pattern and further en- 
largement of picture field size. However, miniaturization 
of printed pattern and enlargement of picture field size 
involve increased difficulties of design or production of 
projection optical systems. 

One solution for pattern miniaturization may be 
shortening the wavelength of exposure light source. In 
place of the bright line of i-line (wavelength \ = 365 nm) 
of ultra-high pressure Hg lamps having been used prev- 
alently, excimer lasers (wavelength \ = 248 mn) will be 
used for 256M DRAM chips. 

Another solution for the above-described problem 
may be a scanning exposure apparatus wherein a mask 
and a wafer are scanned and exposed while they are 
scanningly moved in opposite directions at a speed ratio 
corresponding to the magnification of a projection opti- 
cal system. 

As compared with an exposure region of a size 
22x22 (mm) defined by a stepper, for example, a scan- 
ning exposure apparatus may define an exposure re- 
gion of a size 26x33 (mm). For earlier 256M DRAM chips 
of a size 1 4x25 (mm), one chip can be produced by one 
shot. For shrink version 256M DRAM chips of a size 
11x20 (mm), eight chips can be produced by one shot. 
Also, there is a multi-chip process wherein four 64M 
DRAM chips are coupled to provide a 256M DRAM chip. 
Such process of preparing plural chips in one shot will 
be used prevalently in manufacture of semiconductor 
devices. 

For utilization of a wafer without loss, it is effective 
to perform pattern printing over the whole wafer surface. 
For shrink version 256M DRAM chips, for example, it 
results in an increase in production of a few chips, as 



compared with a case where the whole surface is not 
exposed. If the pattern printing is to be performed to the 
whole surface of a wafer in the manner as shown in Fig- 
ure 11 , hatched portions S of a wafer 4 are overlaid on 
5 the edge of the wafer 4. Thus, the resultants provided 
by performing the pattern printing operation to such re- 
gions would not be used as devices. 

Nevertheless, if the pattern printing is performed to 
the whole surface of a wafer by using a scanning expo- 
rt sure apparatus such as described above, the scanning 
time is wasted. This causes a decrease of throughput. 
There is an additional problem that additional exposure 
of such wafer region not contributable to semiconductor 
chip production will wastefully reduces the lifetime of a 
is light source. Particularly when an expensive light source 
such as an excimer laser is used as an exposure light 
source, reduction of pulse lifetime is very undesirable.. 

Further, when the exposure process is to be per- 
formed per one shot, the focus measurement has to be 
done also per one shot. This makes the process com- 
plicated, in relation to the wafer peripheral portions. 

It is accordingly an object of the present invention 
to provide a scanning exposure apparatus or a device 
manufacturing method by which patterns can be printed 
on a photosensitive substrate with higher throughput 
and without loss. 

In accordance with an aspect of the present inven- 
tion, there is provided an exposure apparatus, compris- 
ing: a mask stage for holding a mask having an original 
pattern and being reciprocally movable along a scan di- 
rection; a projection optical system for projecting at least 
a portion of the original pattern at a predetermined mag- 
nification; a substrate stage for holding a photosensitive 
substrate on an imaging plane of said projection optical 
system and being reciprocally movable along the scan 
direction; wherein said mask stage and said substrate 
stage are able to be moved simultaneously or in a timed 
relation and at a speed ratio corresponding to the mag- 
nification of said projection optical system by which a 
projected image of the original pattern is scanningly 
printed cn shots of the photosensitive substrate; and 
control means for controlling the scanning exposure on 
the basis of a shot layout of the photosensitive substrate 
which is determined per chip from information related to 
a chip structure and a chip size of the original pattern. 

The shot layout may be recorded prior to the scan- 
ning exposure and wherein said control means controls 
the scanning exposure in accordance with the record. 
Said apparatus may further comprise a light blocking 
plate disposed at one of a position adjacent to the mask 
and a position optically conjugate with the mask and be- 
ing reciprocally movable along the scan direction, 
wherein, when the original pattern is scanningly printed 
on the photosensitive substrate, said light blocking plate 
may be moved in a timed relation with a boundary of an 
exposure region of the mask and at a speed ratio to the 
mask corresponding to the magnification. 

In accordance with another aspect of the present 
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invention, there is provided a scanning exposure meth- 
od usable with a mask stage for holding a mask having 
an original pattern and being reciprocally movable along 
a scan direction, a projection optical system for project- 
ing at least a portion of the original pattern at a prede- 
termined magnification, and a substrate stage for hold- 
ing a photosensitive substrate on an imaging plane of 
the projection optical system and being reciprocally 
movable along the scan direction, said method compris- 
ing the steps of: moving the mask stage and the sub- 
strate stage in a timed relation and at a speed ratio cor- 
responding to the magnification of the projection optical 
system by which a projected image of the original pat- 
tern can be scanningly printed on shots of the photosen- 
sitive substrate; determining a shot layout of the photo- 
sensitive substrate per chip from information related to 
a chip structure and a chip size of the original pattern; 
and controlling the scanning exposure in accordance 
with the shot layout 

The shot layout may be recorded prior to the scan- 
ning exposure and wherein the scanning exposure is 
controlled in accordance with the record. 

In accordance with a further aspect of the present 
invention, there is provided a device manufacturing 
method usable with a mask stage for holding a mask 
having an original pattern and being reciprocally mova- 
ble along a scan direction, a projection optical system 
for projecting at least a portion of the original pattern at 
a predetermined magnification, and a substrate stage 
for holding a photosensitive substrate on an imaging 
plane of the projection optical system and being recip- 
rocally movable along the scan direction, said method 
comprising the steps of: moving the mask stage and the 
substrate stage in a timed relation and at a speed ratio 
corresponding to the magnification of the projection op- 
tical system by which a projected image of the original 
partem can be scanningly printed on shots of the pho- 
tosensitive substrate, for manufacture of devices; deter- 
mining a shot layout of the photosensitive substrate per 
chip from information related to a chip structure and a 
chip size of the original pattern; and controlling the scan- 
ning exposure in accordance with the shot layout. 

The shot layout may be recorded prior to the scan- 
ning exposure and wherein the scanning exposure is 
controlled in accordance with the record. 

Briefly, in accordance with one aspect of the present 
invention, in the scanning exposure process for wafer 
peripheral portions, the exposure process is not per- 
formed per one single shot but it is performed per a chip 
or chips which are effective. In the multi-chip procedure 
described hereinbefore, for a 256M DRAM for example, 
those for a 64M DRAM may be considered as one chip 
and the exposure process may be performed to them. 

To this end, the layout may be designed so as to get 
a largest number of chips, while taking into account the 
chip structure or chip size. During the scanning expo- 
sure, for a case where only one chip of three chips of 
one shot is to be exposed, for example, the scan for ex- 
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posure may be performed for the one chip and the scan 
for the others may not be performed any more. This en- 
ables elimination of scan of unnecessary regions, and 
it enables enhancement of throughput. Also, it avoids 
unnecessary exposure and enables enhancement of 
lifetime of the light source. 

As regards the focus measurement to wafer periph- 
eral portions, since there is no exposure region lying out- 
side the wafer surface, it is assured that the measure- 
ment is surely performed upon the wafer surface. There 
is no necessity of a peculiar procedure to wafer periph- 
eral portions, and this reduces the possibility of meas- 
urement error. 

Embodiments of the present invention will now be 
described with reference to the accompanying draw- 
ings, in which:- 

Figure 1 is a schematic and diagrammatic view of 
a scanning exposure apparatus according to an embod- 
iment of the present invention. 

Figure 2 is a schematic view for explaining an ex- 
posure region of a wafer and focus measurement points. 

Figure 3 is a schematic view for explaining a shot 
layout on the surface of a wafer. 

Figure 4 is a schematic and diagrammatic view of 
a scanning exposure apparatus according to another 
embodiment of the present invention. 

Figure 5 is a flow chart for explaining the exposure 
operation in the first embodiment of Figure 1. 

Figure 6 is a schematic view for explaining the ex- 
posure operation in the first embodiment of Figure 1. 

Figure 7 is a flow chart for explaining the exposure 
operation in another embodiment of the present inven- 
tion. 

Figure 8 is a schematic view for explaining the ex- 
posure operation in the embodiment of Figure 7. 

Figure 9 is a schematic view for explaining an ex- 
ample of shot layout to be processed in a stepper. 

Figure 10 is a schematic view for explaining a shot 
layout corresponding to that of Figure 9 but to be proc- 
essed in accordance with an embodiment of the present 
invention. 

Figure 11 is a schematic view for explaining a shot 
layout on a wafer, including those portions from which 
no chip could be produced. 

Figure 1 shows a projection exposure apparatus ac- 
cording to an embodiment of the present invention. In 
this embodiment, the invention is applied to a projection 
exposure apparatus of what can be called "step-and- 
scan type", wherein wafer movement and wafer expo- 
sure are repeated in a step-and- repeat process while, 
on the other hand, the exposure of every shot of the wa- 
fer is performed by scanning exposure. 

Denoted in Figure 1 at 1 is a reduction projection 
lens (projection optical system) having an optical axis 
AX extending in parallel to a 2 axis of an X-Y-2 coordi- 
nate system as illustrated. The projection lens 1 has an 
image plane which is perpendicular to the Z-axis direc- 
tion. Reticle (mask) 2 is held on a reticle stage 3. Pattern 
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of the reticle 3 is projected in a reduced scale of 1 :4 to 
1 2 corresponding to the magnification of the projection 
lens 1 the projected image being lormed upon the .m- 
aae Diane of the reduction projection lens 1. 
9 denoted at 4 is a semiconductor wafer having a 
photoresist applied to its surface, to provide a P^tosen- 
srtive substrate. There are a number of exposed regions 
Jhot regions) disposed in array, hav.ng been defined 
hrough a preceding exposure process or processes. 
Denoted at 5 is a stage on which the wafer 4 ,s placed 
XX comprises a chuck for attracting and fixing the wafer 
4 toThe wafer stage 5. an X-Y stage movable ^horizon- 
tally in X and Y directions, respectively, a leveling stage 
movabfe in the Z-ax* direction corresponding , totheop- 
,Tcal axis direction of the projection lens 1 and be,ng ro- 
yally movable about the Xand Y axes anc ^a rot- 
able stage being rotationally movable about the Z ax^ 
Thus, « Provides a sbc-axis conection system adap ed 
to register shot regions of the wafer 4 wrth a projected 
Image of the reticle 2 pattern formed by the projection 

'^Denoted in Figure 1 at 10. 11 . 12 and 13 are com- 
ponents of a focus and tilt detection optica, system 
which serves to detect the position of the surface of the 
wSer 4 with respect to the optical axis AX and any t.tt 
TZtsuLe Sth respect to the X-Y P^jng^ 
specifically at 10 is a light projecting system by which a 
pjSy <* (sbc. for example) parallel light beams are 
produced. These light beams are directed by way o a 
nTor 11 to six measurement points upon the wafe 4 
s^ace.Whi.eon.ytwo.ightbe^ 
ure 1 , each beam represents three light yearns Joca ed 
in the direction of depth (perpendicular direction) of the 
sheet of the drawing. Ci „„ ro 

Upon the wafer 4 surface, as shown in Figure 3. 
there are plural shot regions (regions onto which the pat- 
ernofthereticle2istobetran S ferred)d«posed.n array. 

Th e six light beams projected by the light projecting ^sys- 
tem 10 are incident, as best seen ,n F gore 2 on s x 
separate measurement points CL1, CL2. CL3. CR1, 
CR2 and CR3 of a shot region. 

Reflected light beams from the wafer 4 are received 
by a light receiving system 13. by way of. a ™ror 12^ 
The light receiving system 13 is arranged to perform « 
correction so that the measurement points CL - CL3 
and CR1 - CR3 on the wafer 4 surface are placed in an 
opticaHy conjugate relation with the detection surf ace of 
th P e .ighLceMng system 1 3. Thus, the pos. ion of a p n- 
hole image upon the detection surface of the light re 
ce iving system 1 3 does not change with any local incli- 
nation^ the measurement points CL1 - CL3 and CR1 
- CR3. Bather, in response to any change .n level 
(height) of the measurement points with respect to the 
Lptica. axis AX direction, the pinhole image dispteces 
on the detection surface of the light receiving systenv \3. 

Now, the scanning exposure operation ,n this em 
bodiment will be explained. As shown in Figure after 
the reticle 2 is attracted to and held fixed to the stage 3. 



it is scanning* moved in the X-axis direction in Figure 
aloTg the^Y p.ane perpendicutar to the optica. axis 
AX of the projection lens 1. at a constant speed. Simul- 
taneous*, as' regards the Y-axis direction 
s lar to the sheet of the drawing), it .s correctively moved 
so as to constantly assure that a target coordina e po- 
sition is scanned. Positional information related to the 
reticle stage 2 with respect to the X-ax.s and Y-ax s di- 
ctions is measured continuously by means of a laser 
,o Urometer system 21 wherein p.ura. J-^-m- 
are projected from reticle side laser interferometers 21 
(for measurements in X and Y axes) to half mirrors 20 
Tor measurements in X and Y axes) which are fixedly 
mounted on the reticle stage 3. 
is Exposure illumination system 6 comprises a light 
source (not shown), such as an excimer laser, for ex- 
ampTe adapted to produce light pulses, and rt includes 

opSal integrator, a collimator and a m.rror. for example 
2 o aH being unshown in the drawing. These components 
are maoe of a material or materials efficiently pass.ng 
or rejecting the pulse light which is in the deep ultrav., 
o euSoaThe beam shaping optica, system serves to 
transform the sectional shape (including size) of a r - 
25 cTed ^ght beam into a desired shape, and the optica, 
integra tor serves to uniform the distribution charac tens- 
STght so that the reticle 2 is il.uminated with uniform 

il,Um ETpTure il.uminat.on optica, system 6 further in- 
so dudes a masking blade 33 which is ^disposed l*apos,- 
tion optically conjugate with the surface of the reticle 2. 
TeSes to define an illumination region 34 of rectangu- 
ar shape, corresponding to the chip size of the wafer 4. 
Z shown in Figure 2. a portion of the pattern of the r t- 
ss £e 2 as part^ illuminated with the illumination , region 
34 is projected by the projection lens 1 onto the water 
4 surface which is coated with the resist. 

Main control unit 27 shown in Figure 1 serves to 
control the whole system of the apparatus, so as Xc » p r- 
40 formthescanningexposurewhileadjust,ngandplac,ng 

a slit image of the reticle 2 within a V^?**^ 
the wafer 4, at a particular position on the X-Y plane 
Sh respect to the positions in X-axis and Y-axis direc- 
ts as wen as the positton with respect to the rotational 
45 direction about an axis parallel to the Z axis) and at a 
nosition in the Z-axis direction (with respect to the posi- 
K in the rotational directions « and 0 about axes par- 
cel to the X and Y axes, respectively, as well as the 
position of level (height) along the Z-ax,s direction)^ 
so More specifica.ly. as regards the alignment of the retrcle 
oat ern along the X-Y plane, control data « calculated 
ou To the position data from the reticle side laser inter- 
ferometer system 21 and from a wafer stage side laser 
nterteromeL system 24. as well as out of the position 
55 data for the Wafer 4 which is obtainable from an ^ahgn- 
ment microscope system (not shown). Based on the ca, 
Elated control data, the retic.e position control ys em 
and the wafer position control system 25 are controlled. 
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When the reticle stage 3 is scanned in the direction 
of an arrow 3a shown in Figure 1, the wafer stage 5 is 
scanningly moved in the direction of an arrow 5a shown 
in Figure 1 at a speed corrected in accordance with the 
reduction magnification of the projection lens 1. The 
scanning speed of the reticle stage 3 is determined, 
while taking into account the width, in the scan direction, 
of the masking blade 33 within the exposure illumination 
optical system 6 and the sensitivity of the resist applied 
to the wafer 4 surface, so that higher throughput is as- 
sured. 

Alignment of the reticle pattern and the water 4 sur- 
face with respect to the Z-axis direction, namely, align- 
ment in reference to the image plane, is performed by 
controlling the leveling stage of the wafer stage 5 
through the wafer position controlling system 25, in ac- 
cordance with the result of calculation by a surface po- 
sition detecting system 26 which serves to detect the 
level of the wafer 4 on the basis of the output of the light 
receiving system 1 3. More specifically, from the level da- 
ta of three wafer level measurement light spots which 
are located in the vicinity of the exposure region 34 (see 
Figure 2), with respect to the scan direction, any tilt in 
the direction perpendicular to the scan direction as well 
as the level in the optical axis AX direction are calculat- 
ed. Then, the amount of correction for optimum image 
plane position, at the exposure position, is detected, and 
the correction is performed. 

Next, the shot layout determination procedure will 
b explained. The layout input is performed by using an 
input terminal (not shown) connected to the main control 
. unit 27. From this input terminal, the shape or size of a 
wafer 4, shot size, chip size, chip location within shot as 
well as its coordinates, for example, are inputted at first, 
and they are memorized into storing'means, not shown. 
After being inputted, the information is read out of the 
storing means by a computer and, from that information, 
the layout of a largest number of chips that can be pro- 
vided by the wafer, to be used, is determined. 

If one shot comprises plural chips, a shot layout that 
assures a shortest exposure time for the wafer is deter- 
mined on the basis of combinations of the determined 
chip layout. After the layout determination, correspond- 
ing layout information is transmitted to the main control 
unit 27 through a communication line, so that the scan- 
ning exposure is performed in the exposure process in 
accordance with the determined layout. 

The procedure of exposure operation will be ex- 
plained below. First, description will be made on an ex- 
ample where a blank shot 101 in Figure 3 is going to be 
exposed. It is assumed that, in the case of the shot 101, 
the exposure process is going to be performed in an or- 
der from chip 101 a to chip 101c. 

The reticle stage 3 and the wafer stage 5 are moved 
so as to place and set the reticle 2 and the wafer 4 at 
the exposure start point. Until that moment, the shutter 
for exposure light has not yet been opened. Then, the 
exposure light shutter is opened, and the exposure proc- 
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ess starts. During the exposure process, th reticle 2 
and the wafer 4 are scanningly moved while correcting 
the focus of the wafer 4, tilt of the image plane and the 
position of the reticle 2 and the wafer 4. After scan of 
one shot is completed, the shutter is closed and the wa- 
fer stage 5 is moved to the position for the subsequent 
shot. 

Subsequently, as depicted by hatching in Figure 3, 
description will be made on the procedure of exposure 
operation for a shot wherein only one chip (the size cor- 
responding to the chip 101a in Figure 3) or two chips 
(the size corresponding to the combined size of th 
chips 101a and 101b) can be taken. Particularly, in this 
example, the scan exposure is performed in a direction 
from the central side of the wafer toward the outside 
thereof. Also, in this example, the scan in the exposur 
process is performed only with respect to the chip or 
chips to be exposed. Figure 5 illustrates the exposure 
sequence in this example, and Figure 6 illustrates the 
relationship between the reticle 2 and the opening 34 of 
the masking blade 33. Since the wafer 4 is moved rela- 
tively to the masking blade 33 in a similar manner as the 
reticle 2, it is not shown in Figure 6. 

The example of Figure 6 is a case wherein one shot 
comprises three chips and, of these chips A, B and C, 
description will be made on the exposure of the chip A 
only. 

First, as illustrated in Figure 6(A), the edge of th 
exposure region 34 is placed upon the edge of the chip 
A of the reticle 2 (step 51). Since in this case the scan 
direction is from the central side of the wafer 4 toward 
the outside thereof, the edge of the chip A is registered 
with the edge of the pattern of the reticle 2. Also, it is 
assumed that the required precision for setting the edg- 
es of them can well be satisfied by the driving precision 
of them. If sufficient setting precision is not attainable by 
the mechanical precision because of the relation of ret- 
icle pattern layout, for example, a separate mechanism 
for aligning them may be provided. 

After the edges are aligned with each other, the ex- 
posure light shutter is opened, and the exposure proc- 
ess starts (step 52). Simultaneously with the shutter 
start, the scan of the reticle 2 starts. At that time, on the 
wafer 4 side, the focus measurement is performed with 
respect to the focus measurement points CR1 , CR2 and 
CR3 which are on the side of the exposure region 34 
that is going to be exposed. Then, as the points on the 
wafer 4, whose Z-axis positions have been measured 
in relation to the measurement points CR1, CR2 and 

CR3, enter the exposure region 34, correction is made 
in accordance with the results of measurement, so as 

to bring the wafer surface into coincidence with the best 

focus plane of the projection lens 1 . 

Additionally, the scan operation is performed while 

correcting tilt of the image plane or relative positional 

deviation between the reticle and the wafer, for example, 

through an alignment mechanism (not shown) (step 58). 

Figure 6(B) illustrates the state during the scan opera- 
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tion. In this manner, the scan operation is continued at 
a constant speed until all the region of the chip A passes 
throughout the exposure region 34. As all region of the 
chip A passes the exposure region 34, as shown in Fig- 
ure 6(C), the exposure light shutter is closed and the 
exposure process is discontinued (step 54). Then, the 
stage is moved to a position for start of exposure of the 
subsequent shot (step 55). In that occasion, a portion 
other than the layout is exposed. Since however such 
portion corresponds to the hatched region S in Figure 
1 1 where it is inherently eclipsed by the edge of the wa- 
fer, there occurs no problem. 

As described above, in peripheral shots, scanning 
exposure operation for unnecessary regions can be 
omitted. Thus, the throughput can be increased and the 
lifetime of the exposure light source can be prolonged. 

A second embodiment of the present invention will 
be described. Also this embodiment has a feature in the 
point of exposure of wafer peripheral shots. In this em- 
bodiment, the scan direction for exposure of wafer pe- 
ripheral portion is from the outside of a wafer toward the 
inside thereof. Also in the example to be described be- 
low, the scan for exposure is performed only with re- 
spect to the chip or chips to be exposed. 

Figure 7 illustrates the exposure sequence, and 
Figure 8 illustrates the relationship between the reticle 
2 and the opening 34 of the masking blade 33. Since 
the wafer moves relative to the masking blade in a sim- 
ilar manner as the reticle^ it is not illustrated in Figure 8. 

The example of Figure 8 is a case wherein one shot 
comprises three chips and, of these chips A, B and C, 
description will be made on the exposure of the chip A 
only. 

First, as illustrated in Figure 8(A), the edge of the 
exposure region 34 is placed upon the edge of the chip 
A (step 71 ). Since in this case the scan direction is from 
the outside of the wafer toward the inside thereof, the 
edge of the chip A is the one which is at the boundary 
with the chip B. Also, it is assumed that the required pre- 
cision for setting the edges of them can well be satisfied 
by the driving precision of them. If sufficient setting pre- 
cision is not attainable by the mechanical precision be- 
cause of the relation of reticle pattern layout, for exam- 
ple a separate mechanism for aligning them may be 
provided. 

After the edges are aligned with each other, the ex- 
posure light shutter is opened, and the exposure proc- 
ess starts (step 72). Simultaneously with the shutter 
start, the scan of the reticle 2 starts. At that time, on the 
wafer 4 side, the focus measurement is performed with 
respect to the focus measurement points CL1 , CL2 and 
CL3 which are on the side of the exposure region 34 
that is going to be exposed. Then, as the points on the 
wafer 4, whose Z-axis positions have been measured 
in relation to the measurement points CL1, CL and CL, 
enter the exposure region 34, correction is made in ac- 
cordance with the results of measurement, so as to bring 
the wafer surface into coincidence with the best focus 



plane of the projection lens 1. 

Additionally, the scan operation is performed while 
correcting tilt of the image plane or relative positional 
deviation between the reticle and the wafer, for example, 
s through an alignment mechanism (not shown) (step 73). 
Figure 8(B) illustrates the state during the scan opera- 
tion. In this manner, the scan operation is continued at 
a constant speed until all the region of the chip A passes 
throughout the exposure region 34. As all region of the 

10 chip A passes the exposure region 34, as shown in Fig- 
ure 8(C), the exposure light shutter is closed and the 
exposure process is discontinued (step 74). Then, the 
stage is moved to a position for start of exposure of the 
subsequent shot (step 75). 

is As described above, in peripheral shots, scanning 
exposure operation for unnecessary regions can be 
omitted. Thus, the throughput can be increased and the 
lifetime of the exposure light source can be prolonged. 
A third embodiment of the present invention will be 

20 described. This embodiment corresponds to an exam- 
ple wherein, for exposure of wafer peripheral shots, the 
first and second embodiments described hereinbefore 
are used in combination. This enables efficient scanning 
exposure with enhanced throughput even for the wafer 

25 peripheral shots, in accordance with the scan direction 
for exposure of an adjacent shot thereto. 

A fourth embodiment of the present invention will 
be described with reference to Figure 4. In this embod- 
iment, a light blocking plate 31 which is reciprocally mov- 

30 able in the same direction as the scan direction of the 
reticle 2, is provided within the exposure illumination 
system 6, at a position adjacent to the masking blade or 
a position which is optically conjugate with the masking 
blade. For exposure of only a portion of one shot, it is 

35 moved, under the control of the control device 32, with 
the exposure region boundary at a scan seed that re- 
flects the magnification in relation with the reticle 2. This 
is effective to remove the limitation to the exposure scan 
direction, for wafer peripheral shots. Except for the pro- 

40 cedure of exposure of wafer peripheral shots, the oper- 
ation is essentially the same as that of the first embod- 
iment. 

The procedure of exposure operation to wafer pe- 
ripheral portion in accordance with this embodiment, will 

45 be explained. The scan of exposure may be performed 
only to the chip or chips to be exposed. In this case, 
however, it is necessary to scanningly move the light 
blocking plate 31 of the exposure illumination optical 
system 6 in the direction of an arrow 31a in Figure 4 

50 (under assumption that the reticle 2 and the masking 
blade 33 are inverted by a single imaging action), with 
the exposure region boundary and at a speed corrected 
in accordance with the magnification of an imaging lens 
(not shown) provided between the reticle 2 and the light 

55 blocking plate 33. This is because, if the above is not 
taken, an unnecessary portion is exposed due to the 
opening of the masking blade 31 . Thus, for a shot which 
is not going to be exposed totally, the light blocking plate 
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31 is moved together with the reticle 2 and the wafer 4 
to perform the scanning exposure. 

The provision of such movable light blocking plate 
such as at 31 removes the limitation to the exposure 
scan direction in relation to wafer peripheral shots. 
Thus, it enables selection of operation with lesser loss, 
and it assures enhancement of throughput. 

A fifth embodiment of the present invention will be 
described. This embodiment is adapted for what can be 
called a 'mix-and-match* procedure wherein a wafer 
having been exposed by a stepper is going to be proc- 
essed by a scanning exposure apparatus. Also in this 
embodiment, an example wherein one shot comprises 
three chips will be explained. 

Figure 9 illustrates a shot layout of seventy-two (72) 
chips having been printed by means of a stepper. 
Hatched regions T depict those regions in which a chip 
or chips partially overlie on the edge of the wafer 4 so 
that no semiconductor product is obtainable therefrom. 
If the layout is remade per chip, for exposure of the wafer 
4 by a scanning exposure apparatus, a layout such as 
shown In Figure 10 enables a smallest number of shots 
(sixty-eight shots). If the exposure process is performed 
in accordance with the layout the same as that of the 
stepper such as shown in Figure 9, the scanning expo- 
sure has to be done to seventy-two shots. As compared 
therewith, the shot layout modified as shown in Figure 
10 enables sixty-eight shots, and it removes the neces- 
sity of scan exposure for four shots. Thus, the through- 
put increases accordingly. 

In accordance with one aspect of the present inven- 
tion as has been described hereinbefore, in the layout 
preparation, the layout is determined per chip. This en- 
ables omitting scanning exposure for unnecessary re- 
gions, and it assures enhanced throughput. Also, it 
makes it possible to prolong the lifetime of the exposure 
light source. 

The exposed substrate with the chip patterns on 
can then be processed in the conventional manner as 
is well known in the art e.g. etching of the photosensitive 
material, and deposition of further layers to fabricate a 
device or devices such as semiconductor devices 
(chips) or liquid crystal panels. 

While the invention has been described with refer- 
ence to the structures disclosed herein, it is not confined 
to the details set forth and this application is intended to 
cover such modifications or changes as may come with- 
in the purposes of the improvements or the scope of the. 
following claims. 
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Claims 



1. An exposure apparatus, comprising: 



50 



55 



a mask stage for holding a mask having an orig- 
inal pattern and being reciprocally movable 
along a scan direction; 



a projection optical system for projecting at 
least a portion of the original pattern at a pre- 
determined magnification; 
a substrate stage for holding a photosensitive 
substrate on an imaging plane of said projec- 
tion optical system and being reciprocally mov- 
able along the scan direction; 
wherein said mask stage and said substrate 
stage are able to be moved in a timed relation 
and at a speed ratio corresponding to the mag- 
nification of said projection optical system by 
which a projected image of the original pattern 
is scanningly printed on shots of the photosen- 
sitive substrate; and 

control means for controlling the scanning ex- 
posure on the basis of a shot layout of the pho- 
tosensitive substrate which is determined per 
chip from information related to a chip structure 
and a chip size of the original pattern. 

2. An apparatus according to Claim 1, wherein the 
shot layout is recorded prior to the scanning expo- 
sure and wherein said control means controls th 
scanning exposure in accordance with the record. 

3. An apparatus according to Claim 1 , further compris- 
ing a light blocking plate disposed at one of a posi- 
tion adjacent to the mask and a position optically 
conjugate with the mask and being reciprocal ly 
movable along the scan direction, wherein, when 
the original pattern is scanningly printed on the pho- 
tosensitive substrate, said light blocking plate is 
moved in a timed relation with a boundary of an ex- 
posure region of the mask and at a speed ratio to 
the mask corresponding to the magnification. 

4. A scanning exposure method usable with a mask 
stage for holding a mask having an original pattern 
and being reciprocally movable along a scan direc- 
tion, a projection optical system for projecting at 
least a portion of the original pattern at a predeter- . 
mined magnification, and a substrate stage for hold- 
ing a photosensitive substrate on an imaging plane 
of the projection optical system and being recipro- 
cally movable along the scan direction, said method * 
comprising the steps of: 

moving the mask stage and the substrate stage 
in a timed relation and at a speed ratio corre- 
sponding to the magnification of the projection 
optical system by which a projected image of 
the original pattern can be scanningly printed 
on shots of the photosensitive substrate; 
determining a shot layout of the photosensitive 
substrate per chip from information related to a 
chip st ructure and a chip size of the original pat- 
tern; and 

controlling the scanning exposure in accord- 
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ance with the shot layout. 

A method according to Claim 4, wherein the shot 
layout is recorded prior to the scanning exposure 
and wherein the scanning exposure is controlled in s 
accordance with the record. 

A device manufacturing method usable with a mask 
stage for holding a mask having an original pattern 
and being reciprocally movable along a scan direc- io 
Won, a projection optical system for projecting at 
least a portion of the original pattern at a predeter- 
mined magnification, and a substrate stagefor hold- 
ing a photosensitive substrate on an imaging plane 
of the projection optical system and being recipro- 
cally movable along the scan direction, said method 
comprising the steps of: 

moving the mask stage and the substrate stage 
in a timed relation and at a speed ratio corre- 20 
spending to the magnification of the projection 
optical system by which a projected image of 
the original pattern can be scanningly printed 
on shots of the photosensitive substrate, for 
manufacture of devices; 25 
determining a shot layout of the photosensitive 
substrate per chip from information related to a 
chip structure and a chip size of the original pat- 
tern; and 

controlling the scanning exposure in accord- 30 
ance with the shot layout. 

A method according to Claim 6, wherein the shot 
layout is recorded prior to the scanning exposure 
and wherein the scanning exposure is controlled in 35 
accordance with the record. 

A device manufacturing method comprising the 
scanning exposure method of claim 4 or claim 5 in- 
cluding the step of fabricating a device from the ex- *o 
posed photosensitive substrate. 
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